Oxidative stress has been a frequent finding in epileptic patients receiving antiepileptic drugs (AEDs). In this study, the influence of Vitamin E on the antiseizure activity and redox state of patients treated with carbamazepine, sodium valproate, and levetiracetam has been investigated.
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in developed countries and 10.3/1000 people in developing countries. [1] The most commonly used treatments for epilepsy are antiepileptic drugs (AEDs). The most common drug used to treat epilepsy is valproate (VPA) sodium, carbamazepine, phenytoin, phenobarbital, and lamotrigine and currently levetiracetam. Usually a combination of drugs is used to treat epilepsy. Choosing any of these drugs depends on the type of seizure and the involved part in the brain. One of the functions of carbamazepine and sodium VPA and levetiracetam is through the impact on the course of oxidative stress. [2] [3] [4] [5] VPA can also reduce the concentration of the mitochondrial coenzyme A which is produced due to the conversion of the VPA to valproyl-CoA in the presence of adenosine triphosphate (ATP) and coenzyme A. This may affect the oxidation of fatty acids in the mitochondria and impaired ATP synthesis. Fatty acid oxidation by VPA can also be caused by the effect of this drug on carnitine. [1, 6] Oxidative stress is a mitochondrial dysfunction and an imbalance between pro-oxidant and antioxidant and is involved in many pathological and physiological processes. Brain cells are sensitive to reactive oxygen types that are produced during the oxidation. [7] Brain cells are sensitive to reactive oxygen species. Oxidative stress can cause irreversible damage to biological molecules such as proteins, lipids, carbohydrates, and the DNA. Oxidative stress is involved in many neurodegenerative disorders such as epilepsy. [4] [5] [6] [7] [8] [9] [10] [11] Vitamin E (α-tocopherol) is a lipophilic alcohol and its food source is the root of wheat and vegetable oils. The most important part of this substance is the α part because it forms 90% of the tocopherol composition of animal tissues. Many physiological functions have been considered for this substance including stabilization of membrane, acting as enzyme inhibitor and the multiplier of the effect of Vitamin A2. This substance has the ability to prevent the negative effects of lipid peroxidation in the brain tissue because it can absorb free radicals of oxygen. Many studies have shown the effect of Vitamin E on the treatment of epilepsy. For example, in a study, this substance was used as adjunctive therapy in the treatment of epilepsy in children whose seizures were not well controlled, resulting in significant improvement. It has no serious side effects and risk of toxicity. This causes the substance to be considered in the treatment of epilepsy. [6, 12, 13] Many studies have shown an increase in oxidative stress in epilepsy and have stated that free radicals act as a pathogen in the disease. [4, 5, 8] Other studies have shown the effect of antiepileptic on enhancing free oxygen species. [5] [6] [7] [8] [9] [10] [11] In 2007, a study was conducted in children with epilepsy, and it was found that adding Vitamin E to AEDs reduces their seizures. [5] In another study conducted by Kovalenko et al., it was found that adding Vitamin E to antiepileptic reduces plasma levels of lipid peroxidation and decreases the frequency of seizures in these patients. [14] Among the studies, the lack of a study showing the effect of Vitamin E as an antioxidant on the reduction of oxidative stress created both by anticonvulsants and the epilacy in adults was felt which could show this effect using both oxidative and antioxidative findings of blood together with electroencephalogram (EEG) findings of patients. It also seems that there is no study about the effects of Vitamin E on EEG findings.
Due to the abovementioned cases and because of high frequency of epilepsy in Iran [15, 16] and in the world, [1] which cause injuries to the social, occupational, and other fields of life, research into finding ways to help the treatment of this disease is a big step towards helping these patients.
As discussed, an important damaging factor causing seizures is the destruction of neurons with oxidant antioxidant system imbalance and increase of active oxygen species caused by oxidative stress. [4, 10, 12] As a result, it was decided to make use of a substance in order to reduce the effect of oxidants, consequently increasing the efficacy of anticonvulsants so that the patients could benefit most from their treatment. Vitamin E is a natural antioxidant free of important side effects and it can easily be used by patients as an adjunctive therapy. [6, 12, 13] According to this hypothesis, a study was designed to investigate the effect of Vitamin E on improving the effectiveness of AEDs in epilepsy control.
MATERIALS AND METHODS
This is a double-blind, controlled clinical trial study on patients with intractable epilepsy treated by AEDs referred to Kashani Hospital and private epilepsy clinics in Isfahan. The sampling method was simple non-random, and the experiment and control groups were assigned randomly.
Inclusion criteria were as below:
• Age 20-50 years • Signing a consent form to participate in the study • Diagnosis of refractory epilepsy) The patients who meet this definition subsequently achieve prolonged (6 months or more) periods of seizure remission with at least two AEDs): (1) At least 2 seizures per month (2) taking at least two standard anticonvulsant medications in the past 6 months • The ability of family or friends to count the number of seizures in epileptic patients during the determined period • Patients taking carbamazepine, sodium VPA, levetiracetam, or a combination of them • Not taking Vitamin E 6 months before the study • Lack of developing diseases such as liver and kidney failure.
Moreover, the patients with lack of consent to continue with the study were excluded.
Initially, 66 epileptic patients of all types were assessed by the executive team considering their inclusion and exclusion criteria. Their basic and demographic information, the frequency of their seizures and EEG findings (interictal epileptiform sharp wave) were gathered in a checklist. Then, sampling was performed on their venous blood to measure biomarkers produced during the oxidative process involving total antioxidant capacity, catalase, and malondialdehyd. Plasma antioxidant capacity was measured using Benzie IF method. [17] Briefly, in this method, the recovery power of ferric to ferrous ions at low pH produces a down more color complex of pyridyl triazine which can be measured by absorption changes at 593 nm-wavelengths.
Measurement of catalase was performed based on Góth [18] spectrophotometry method. In this method, serum were incubated with the substrate hydrogen peroxide and then the enzymatic reaction was stopped by the addition of ammonium molybdate and finally the light absorption of molybdate yellow and hydrogen peroxide was measured at 405 nm-wavelength.
Serum malondialdehyde levels were measured using the method introduced by Satoh. [19] In this method, serum proteins were precipitated by trichloroacetic acid and then the supernatant liquid was combined with a solution of thiobarbituric acid reagent and was boiled for 30 min. The resulting color combination is extracted using n-butanol and its concentration is measured at 532 nm-wavelengths.
After receiving their consent for participating in the study, the patients were randomly divided into two groups of control and intervention. The intervention group (n = 33) were given daily supplements of 400 IU Vitamin E. The control group (n = 33) received placebo pills identical in appearance to Vitamin E. The prescribing physician did not know about the type of drug, and the drug was determined by codes A and B. At the beginning of the study all patients (controls and interventions) underwent EEG.
Patients were visited on monthly basis to check the frequency of seizures and at the end of 6 months EEG changes (decreased or increased in interictal epileptiform sharp wave) and biochemical markers were measured. The frequency of seizures were evaluated by enumeration and comparison of spike and sharp wave and interictal epileptiform sharp wave during the 6 months period of this study and the number of seizures per patient were counted and compared to previous waves were.
Interpretation of EEGs were randomly carried out by each of the two neurologist physicians with prolonged experience in management of epilepsy.
EEGs equipment Model NIHON KOHDEN with longitudinal bipolar and ear referential montage.
Survey of the role of many other clinical criteria, especially brain pathology, were beyond the scope of our preliminary study. The designed limited number of cases does not permit us to further categorize the patients according to their brain pathology.
The obtained data were entered into SPSS software version 17.01 and were analyzed using Chi-square test and independent T-test. Figure 1 shows profile of the study, of 77 reviewed patients, 7 patients did not enter to the study (3 patients were not eligible and 4 patients refused informed consent). About 70 patients were eligible and randomly assigned in to two intervention groups. During following period 3 patients in case group and 2 patients in control group did not desire to continuo and excluded, finally, 32 cases and 33 controls completed the study and analyzed. No signs of toxicity, drugs adverse effects or worsening of patient's clinical status were observed during this study.
RESULTS
The mean of age in studied patients were 28.7 ± 7.2 years old. Of studied patients, 38 (58.5%) were male and 27 (41.5%) were female. Table 1 shows baseline characteristics of studied patients.
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No significant differences were noted between case and control groups for age, sex, AEDs, and seizures types (P > 0.05). Most of the cases used carbamazepine + sodium VPA as AEDs and in controls sodium VPA + levetiracetam was the most used AEDs. Focal seizure was more frequent in control group and generalized seizure was more frequent in case group. Table 2 shows the result of comparison of the mean of antioxidant parameters and seizure frequency, before and after treatment between study groups. As shown, total antioxidant, catalase, and malondialdehyde before treatment in control group were significantly higher than in case group (P < 0.05). Glutathione before treatment in both groups were similar with no significant differences (P > 0.05). After treatment total antioxidant capacity, catalase and glutathione in both groups were similar and no significant differences were noted (P > 0.05). Malondialdehyde in control group was significantly higher than in case group (P = 0.001). After treatment, in case group, total antioxidant capacity, catalase and glutathione were significantly increased in compare to before treatment (P < 0.05), and malondialdehyde decreased but was not statistically significant (P = 0.1). In control group, the mean of studied parameters after treatment were not significantly different compare to before treatment (P > 0.05). Furthermore, the mean of increase in cases was significantly higher than in controls for total antioxidant capacity, catalase, and glutathione (P < 0.05), but for malondialdehyde was not significantly different between groups (P = 0.07). Seizure frequency before treatment was similar between groups (P = 0.89) but after treatment the frequency of seizure in case group decreased and was significantly lower than control group (P < 0.0001). After treatment, in comparison to before treatment, the frequency of seizure in both cases and controls was significantly different (P < 0.05). Figure 2 shows the comparison of the trend of chances in antioxidant parameters after treatment in comparison to before treatment between case and control groups. As shown, chances in trend of total antioxidant capacity, catalase, and glutathione after treatment in compare to before treatment were not statistically significant between groups (P > 0.05), but chance in trend of malondialdehyde after treatment in compare to before treatment between groups was statistically significant (P = 0.003).
Decreased in the positive EEG findings in case group were observed more than control group. Of 32 patients in case group 16 patients (50%) had decreased in the positive EEG findings and 16 patients (50%) did not have decreased in the positive EEG findings whereas among 33 patients in control group only 4 patients (12.1%) had decreased in the positive EEG findings and 29 patients (87.9%) did not have decreased in the positive EEG findings [P = 0.001, Table 2 ].
DISCUSSION
In patients with epilepsy, the deficiency of Vitamin E has been reported, this deficiency has been attributed to antiepileptic therapy, and however the antiepileptic effect of Vitamin E is contrary. [20, 21] This randomized controlled trial was aimed to assess the effect of Vitamin E on the seizure frequency, and biochemical parameters and EEG finding in added to antiepileptic therapy in refractory epileptic patients. Our findings show that total antioxidant capacity, catalase, and glutathione significantly increased in epileptic patients after adding Vitamin E to their antiepileptic therapy in compare placebo. In addition, the frequency of seizure significantly decreased in patients who received Vitamin E than placebo group. Another important of our finding was that decreased in positive change in EEG findings in case group was significantly more than control group. Thus, Vitamin E may be suggested as an adjunctive antiepileptic therapy with partial success.
Previously, it is show that in epileptic patients lipid peroxidation, glutathione peroxidase, as parameters of oxidative stress were significantly higher when compared to controls, either levels of Vitamin C, E, and A, as antioxidant substances were significantly lower in epileptics when compared to controls, and suggesting that free radicals may be implicated in epilepsy. [22, 23] One of the lipophilic antioxidant that is able to penetrate the blood-brain barrier and accumulate at high concentration in the brain is Vitamin E. [24] Therefore, suggesting that in suppressing seizures and neuronal damage, Vitamin E supplementation can be helpful. In one animal study, effect of Vitamin E in the standard animal seizure models has been assessed and authors concluded that Vitamin E has an anticonvulsant effect in animal seizure models. [25] In a double-blind, cross-over trial, by Raju et al. Vitamin E as add-on therapy compared to placebo in patients with uncontrolled epilepsy. After two treatment phases of Vitamin E or placebo with cross-over to the second phase, authors reported that change in seizure frequency observed with Vitamin E as compared with placebo was not significant between two treatments. [26] Other studies show that treatments with Vitamin E have had beneficial effects on seizure activity and neurodegeneration induced by pentylentetrazol [27] or pilocarpine. [28] Moreover, Vitamin E attenuated lipid peroxidation and increased catalase activity after pilocarpine-induced seizure [29, 30] and reduced blood-brain barrier disruption after pentylentetrazol-induced epileptic seizure. [27] In contrast, some studies reported that Vitamin E can not to reduce seizure activity induced by amygdala kindling or KA. [31] Similar to some studies and in contrast to others in the present study, Vitamin E as an add-on therapy for epileptic patients, who received multi-or single-drug therapy, can be effective to significantly increased total antioxidant capacity, catalase, and glutathione, and reduce seizure frequency in compare to placebo group. However, the mean of changes in the level of malondialdehyde, which is a product of lipid peroxidation, between Vitamin E and placebo groups was not significant. The differences between our findings and some previous studies can explain by different in antiepileptic therapy, whereas we enrolled patients who received any of AEDs and we did not compare variables between groups in regard to AEDs, but other studies analyzed their result in regard to AEDs. Also, that the dosage and treatment duration Vitamin E varies across studies. Vitamin E has been used in a wide dose ranges from modest 100 IU/d [32] or 200 IU/d [33, 34] to high doses such as 1200 IU/d [35] in various experiments. As antiepileptics are commonly weak oxidants, and their influence on oxidative stress have been commonly traced after long term intake of this agents, we believe that administration of a modest (400 IU/d) dose of Vitamin E could sufficiently compensate for their pro-oxidant activity.
Although there is conflicting between researches on efficacy of Vitamin E and its exact pharmacological mechanism in response to diverse seizures remains elusive, in epileptic patients, Vitamin E is relatively safe and may be considered for adjunctive treatment.
The main limitation of our study was that we did not limited inclusion criteria to restricted AEDs so there were few patients in each individual AEDs groups and we could not analyzed efficacy of Vitamin E in regard to individual AEDs.
According tto Martinc et al. review article, In order to evaluate potentially positive effects of therapeutic interventions with antioxidant components, numerous studies of their use in animal models of epileptic seizures, were revised. However, even though numerous positive effects of antioxidants were observed in animal models of epileptic seizure, till now only few antioxidants have been further evaluated in patients with epilepsy as an add-on therapy and even these with only partial success. Based on the several positive findings in animal models, a strong need for more carefully planned, randomized, double-blind, cross-over, placebo-controlled clinical trials for the evaluation of antioxidants efficacy in patients with epilepsy is warranted. [36] 
CONCLUSION
In conclusion, our results suggest that add-on Vitamin E in epileptic patients on anti-epileptic therapy by decreased in positive change in EEG findings, reduction in the seizure frequency and with its antioxidant and free radical scavenging property offering the advantage of reducing the oxidant stress and the following damage, can use as an adjunct to antiepileptic therapy but more research needs to be undertaken to demonstrate the exact effect of Vitamin E in added to antiepileptic therapy on the seizure frequency, and oxidative stress in epileptic patients.
